Objective: Assess the existing evidence on the clinical effectiveness of wound-edge protection devices (WEPDs) in reducing the surgical site infection (SSI) rate in patients undergoing open abdominal surgery. Background: Surgical site infections are a common postoperative complication associated with considerable morbidity, extended hospital stay, increased health care costs, and reduced quality of life. Wound-edge protection devices have been used in surgery to reduce SSI rates for more than 40 years; however, they are yet to be cited in major clinical guidelines addressing SSI management. Methods: A review protocol was prespecified. A variety of sources were searched in November 2010 for studies containing primary data on the use of WEPDs in reducing SSI compared with standard care in patients undergoing open abdominal surgery. The outcome of interest was a well-specified, clinically based definition of an SSI. No language or time restrictions were applied. The quality assessment of the studies and the quantitative analyses were performed in line with the principles of the Cochrane Collaboration. Results: Twelve studies reporting primary data from 1933 patients were included in the review. The quality assessment found all of them to be at considerable risk of bias. An exploratory meta-analysis was performed to provide a quantitative indication on the effect of WEPDs. The pooled risk ratio under a random effects model was 0.60 (95% confidence interval, 0.41-0.86), indicating a potentially significant benefit from the use of WEPDs. No indications of significant between-study heterogeneity or publication bias, respectively, were identified. Conclusions: Evidence to date suggests that WEPDs may be efficient in reducing SSI rates in patients undergoing open abdominal surgery. However, the poor quality of the existing studies and their small sample sizes raise the need for a large, good quality randomized controlled trial to validate this indication. (Ann Surg 2012;255:1017-1029 S urgical site infections (SSIs) are a postoperative complication with an incidence in the range of 1% to 5%. 1 Data from the US, UK, and continental Europe indicate a substantial variation in From the
SSI incidence for different surgical sites. [2] [3] [4] [5] Colorectal surgery is typically associated with SSI incidence rates of 4% to 10%, but rates as high as 25% to 27% have been reported. 6, 7 Surgical infections are associated with considerable morbidity 8 and it has been suggested that over one third of postoperative deaths are related, at least in part, to SSI. 9 Other clinical outcomes of SSIs include scars that are cosmetically unacceptable, such as those that are hypertrophic or keloid, persistent pain and itching, and a strong impact on emotional well-being. 10 Surgical site infections may extend hospital length of stay by up to 14 days 11, 12 and increase the cost of care by as much as $6200 in the US 6 and £10,500 in the UK. 4, 7 Patients also incur costs because of loss of productivity, patient dissatisfaction, and reduced quality of life.
Surgical infections have been targeted in 3 ways. First, perioperative care factors have been comprehensively addressed in clinical guidelines issued by the US Centers for Disease Control and Prevention (CDC) 13 and the UK's National Institute for Health and Clinical Excellence. 14 Second , prognostic models that predict the probability of developing an SSI have been developed. [15] [16] [17] Third, postdischarge surveillance systems have increased the number of detected SSIs reported 18 and have been shown to be efficient in reducing SSI rates over time, but this benefit only applies to hospitals with several years of SSI surveillance and cannot be generalized to all types of surgery. 19 Wound-edge protection devices (WEPDs), also known as "wound guards," have been used in abdominal surgery for many years. There are several different devices on the market but they have the same basic design: a semirigid plastic ring placed into the abdomen via the laparotomy incision to which an impervious drape is circumferentially attached. 20, 21 This plastic drape comes up and out of the incision onto the skin surface, thus protecting the incision edges. Wound guards create a physical barrier between the abdominal incision edges and viscera, visceral contents, contaminated instruments and gloves, thereby preventing wound contamination. The potential of WEPDs was first discussed more than 40 years ago, 22 and more recently, Horiuchi et al 23 have demonstrated that WEPDs protect incision sites from bacterial invasion. Despite the potential of WEPDs for reducing SSIs when used intraoperatively by protecting the incision margins from contact with any contaminated materials, they have never become common practice and they are not mentioned in the current UK clinical guidelines. 14 Wound guards are distinct from "adhesive drapes": the latter are plastic drapes adherent to the skin and they do not come into direct contact with the incision margins. A recent Cochrane review summarized the evidence on adhesive drapes and concluded that they do not show any benefit in reducing SSI rate. 24 The aim of this systematic review was to assess the clinical effectiveness of WEPDs in reducing the SSI rate in patients undergoing open abdominal surgery.
METHODS
A systematic review was conducted according to a prespecified protocol based on guidance from the Centre for Reviews and Dissemination 25 and the Cochrane Handbook. 26 The protocol is available from the authors. The review is reported in line with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement. 27 
Eligibility Criteria
The eligibility of studies was judged against the following prespecified inclusion criteria: studies conducted on human patients undergoing open abdominal surgery, both elective and emergency; use of a WEPD in the intervention group (for the purpose of this review, a device was considered eligible if it covered the incision's edges with an impervious plastic sheet); presence of a control group receiving standard care [acceptable study designs were prospective controlled trials (CTs), randomized CTs (RCTs), prospective cohort studies, and case control studies]; and SSI was a prespecified outcome. No language restrictions were applied (any potentially relevant article in a language other than English was translated into English).
The following prespecified exclusion criteria were applied: studies looking at a different device (eg, adhesive drapes), unless a WEPD was also used in the study; definitions of SSI based solely on bacteriological information; study designs with a high risk of bias including case reports, case series, and retrospective studies; and studies that included no primary data, ie, reviews.
Purely bacteriological definitions of SSI were excluded for 2 reasons. First, the current clinical guidelines 13, 14 specify definitions of SSI predominantly on the basis of clinical signs (eg, discharge, pus, localized swelling, and erythema). Bruce et al 28 identified 41 separate definitions of wound infections in their systematic review looking at the validity and reliability of postoperative wound infection assessment. Only 5 of these were "standard" definitions (issued by the CDC or by UK expert groups) and all of them were substantially based on clinical signs. Second, it is difficult to differentiate infection from contamination when interpreting the positive results of swab cultures. 29, 30 
Information Sources
The following sources were searched in November 2010: In addition:
-The identified manufacturers of WEPDs were contacted and asked to provide details of any relevant studies; -The references of the selected articles (see later) were hand-searched for further relevant studies and for articles citing them; and -The authors of the selected articles (see later) were contacted and asked to provide details about any other relevant studies.
Search Strategy
A sensitive search strategy was devised to capture all the relevant studies. The prespecified search terms were grouped in 2 areas: the WEPD terms and the SSI terms. Truncation was used where appropriate. The search strategy was applied to all the online databases, with slight adjustments inherent to the specific vocabulary of each database. All terms were searched as key words. The search was per-formed independently by 2 researchers (A.G. and B.F.). The search strategy used for Ovid Medline is presented in Figure 1 .
Study Selection
The study selection process took place in 2 consecutive steps. In phase 1, potentially relevant articles were selected by scanning their title and abstract in relation to the eligibility criteria. In phase 2, the full-text versions of the articles selected in phase 1 were assessed in relation to the eligibility criteria. When a decision about eligibility could not be made in phase 1 on the basis of the title and abstract, the full-text article was obtained. Only studies that fulfilled all the eligibility criteria were included.
The selection was performed independently by 2 reviewers (A.G. and B.F.). In case of disagreement, a consensual decision was made. The selection process was tested and piloted on a sample of 20 articles.
Data Collection Process
One reviewer (A.G.) extracted data for all selected studies in RevMan software 5.0. 31 The accuracy of the extracted data was verified by a second reviewer (B.F.).
For each study, the following information was extracted: study design, number of participants, type of surgery performed, intervention (including description of WEPD), description of the control group, prespecified and reported outcomes, length of follow-up, effect estimates, and funding and other competing interests.
Risk of Bias in Individual Studies
The "Risk of bias" tool presented in the Cochrane Handbook was used to ascertain the suitability of each study selected after phase 2 for inclusion in a meta-analysis. 26 Two reviewers (A.G. and M.C.) performed the assessment independently. In case of disagreement, a consensual decision was made. It was acknowledged that blinding was impossible for surgeons, so patient and assessor blinding, respectively, were considered.
Synthesis of Results
The outcome of interest was dichotomous: presence or absence of an SSI. A random effects model (Mantel-Haenszel method 32 ) metaanalysis was prespecified. Given the observed variation in the types of surgery considered and in the definitions of SSI applied, it was judged that a distribution of effects would more realistically describe the influence of WEPDs. Nevertheless, random effects models do not produce reliable estimates when few studies are included in the metaanalysis 33 ; therefore, results are presented both under fixed effects and random effects models, and the differences discussed. The degree of heterogeneity between studies was explored using the I 2 statistic.
RevMan 5.0 software 31 was used to perform the quantitative analyses. The primary outcome measure is the risk ratio, reported with 95% confidence intervals (CIs).
Risk of Bias Across Studies
In addition to the risk of bias in individual studies (see above), the risk of bias across studies was also investigated. A prespecified publication bias assessment was performed by means of a funnel plot.
Additional Analyses
One subgroup analysis was prespecified in the protocol. This analysis investigated the influence of the degree of contamination (clean/clean contaminated/contaminated/dirty) on the SSI rate.
RESULTS

Study Selection
After the study selection process, 12 studies were included in the review [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] (Fig. 2) . The article identified from other sources (ie, not through searches of bibliographic databases) was a study by Harrower et al 22 cited by some of the older studies. [34] [35] [36] 38 It was subsequently excluded because it used bacteriological count as an outcome. A further 2 excluded studies 46, 47 did not use a clinical definition of SSI. Two other studies were excluded because the WEPD was soaked in povidone-iodine 48 or because the intervention arm used a bundle of 5 interventions including a WEPD and the study design did not allow assessment of the individual effect of the WEPD. 49 Two included articles were not available in English: the German study of Batz et al 39 and the French study of Brunet et al. 41 These articles were analyzed after translation into English.
Study Characteristics
The characteristics of the 12 included studies are presented in Table 1 . Table 2 presents the outcomes and the effect on SSI incidence reported in each study.
Methods
Ten of the included studies were RCTs and 2 were CTs. 34, 41 Two studies 34, 36 divided patients into 3 groups (2 intervention groups and 1 control group) and the remaining 10 studies looked at 2 patient groups.
Patients
The 12 included studies reported data for a total of 1933 patients. One article 45 specified enrollment of patients older than 18 years and another article reported to have enrolled "adults," 38 but in the remaining studies patients' age was not reported as an inclusion/exclusion criterion.
Intervention and Control
In 10 studies, the WEPD used was identifiable by means of the description provided or by indicating the manufacturer or both. In the studies of Batz et al 39 and Brunet et al, 41 no description was offered; in both articles, the WEPD was referred to as a "ring drape."
All studies were single center with 2 exceptions: Nyström et al 38 enrolled patients from 2 hospitals and Reid et al 45 recruited from 4 hospitals. Three studies 34, 36, 41 examined generic abdominal operations, 2 studies 45,47 focused on appendicectomy, and the remaining studies looked at gastrointestinal interventions, mostly colorectal surgery. In terms of the control group, 2 studies 44,45 compared the WEPD against standard retraction and 1 study 39 compared the ring drape against incise drapes. In the remaining studies, the control group was described as the group where the WEPD was not used.
Outcomes
All the included trials prespecified SSI as an outcome. However, there was considerable variation in how an SSI was defined. Only 2 articles 43, 45 referred to an internationally recognized definition of surgical infections, namely the definition of the CDC 13 ; in 9 studies, the authors used definitions of their own formulation. Batz et al 39 specified a definition for a "wound healing incident" and apparently used this term and "wound infection" interchangeably.
Most studies reported outcomes that were not prespecified in their methods sections. Seven studies reported various bacteriological results, 2 studies 43, 45 reported the hospital length of stay associated with SSI, and 2 studies 42,44 estimated costs related to SSI. No studies reported patient quality of life as an outcome. Table 3 presents the risk of bias for the included studies. Most of the studies were found to exhibit a high risk of bias. Maxwell et al 34 they excluded 16 patients from the analysis for death after surgery, without providing any further information. The control group was added approximately halfway through the trial, which explains the smaller number of patients in this group. In the trial reported by Alexander-Williams et al, 35 the study personnel apparently had unrestricted access to the patient allocation scheme. In addition, 3 patients were excluded from the analysis for having died within 24 hours of surgery, but no information is given about the treatment arm these patients belonged to. Nyström et al 38 44 was discontinued for early evidence of benefit, although the interim analysis which triggered this decision did not seem to be prespecified. Moreover, 4 patients were excluded from the analysis (3 withdrawals and 1 lost to follow-up), but the study arms of these patients were not specified. Reid et al 45 performed a "per protocol" analysis. Most categories in the Risk of bias tool were judged as "unclear" for lack of relevant information available in the articles. For instance, the studies of Psaila et al 36 and Gamble and Hopton 37 provided little information related to the quality criteria; therefore, a straightforward quality assessment verdict was impossible to reach.
Risk of Bias Within Studies
Eight studies were susceptible to biases falling in the "other sources of bias" category; this was generally due to failure to report funding sources and competing interests or to failure to report comparability between the study arms with respect to risk factors. The frequency and timing of wound assessments were not clearly specified in the articles of Maxwell et al, 34 Nyström et al, 38 and Sookhai et al. 42 The manufacturer of the WEPD assisted in the design and randomization in the study of Alexander-Williams et al. 35 Horiuchi et al 43 did not indicate an explicit follow-up period.
Risk of Publication Bias
The risk of publication bias was examined using a funnel plot (Fig. 3) . The asymmetry of the plot is due to the 2 studies of Batz et al 39 and Lee et al, 44 which clearly favor WEPDs but also have a significantly lower precision of the effect estimate.
Results of Individual Studies and Pooled Results
All included studies had a medium or high risk of bias and none of them were judged to be of sufficient quality to be formally included in a meta-analysis. Nevertheless, an exploratory meta-analysis was performed with primary data from the 12 studies. The objective of this quantitative analysis was to provide an indication on the estimate of the effect of WEPDs on SSI rates.
The individual risk ratios and the 95% CIs for the random effects model meta-analysis are presented in Figure 4 . The 5 studies published before 1990 did not show a statistically significant benefit associated with the use of WEPDs. The remaining studies clearly favored WEPDs, reporting a statistically significant benefit with the exception of Horiuchi et al 43 (risk ratio, 0.50; 95% CI, 0.22-1.11). Lee et al 44 reported the most favorable result for the use of WEPDs (risk ratio, 0.11; 95% CI, 0.01-0.88).
The pooled risk ratio was 0.60 (95% CI, 0.41-0.86) under a random effects model. When a fixed effects model was used, the pooled risk ratio was 0.56 (95% CI, 0.45-0.70). These results suggest that the WEPDs seem to reduce the incidence of SSI when compared with standard care. The value of the I 2 statistic was 54%. 
Additional Analyses
Four studies reported primary data on the degree of contamination. 36, [40] [41] [42] The descriptions of the degrees of contamination are neither identical nor completely consistent in these 4 articles: Psaila et al 36 and Brunet et al, 41 respectively, use their own categorizations, whereas Redmond et al 40 do not indicate any definition at all. Nevertheless, it is clear that all 4 articles refer to increasing levels of wound contamination.
An exploratory subgroup analysis was conducted to investigate the effect of WEPDs adjusted for the type of wound (clean/clean contaminated/contaminated/dirty). Results of this analysis are summarized in Table 4 and Figure 5 . It is apparent that the use of WEPDs is associated with a statistically significant reduction in the risk of developing an SSI in patients undergoing contaminated (risk ratio, 0.37; 95% CI, 0.23-0.61) and dirty surgery (risk ratio, 0.55; 95% CI, 0.36-0.86). The point estimates also suggest a beneficial effect in clean (risk ratio, 0.41; 95% CI, 0.08-2.09) and clean contaminated surgery (risk ratio, 0.62; 95% CI, 0.34-1.13), but the CIs are wide. studies found all of them to be at a considerable risk of bias. In addition, there was little consistency among studies with respect to the intervention or the definition of an SSI. The type of WEPD used was not always accurately described. The device has displayed 2 different designs over time: the "traditional design," identified up to the 1999 trial of Sookhai et al, 42 featured a plastic ring inserted in the abdomen and a large plastic drape emerging from it which covers the incision margins and extends out over the surrounding area; this device was also referred to as a "ring drape". 36, 38, 39, 41 An alternative design was described in detail by Lee et al 44 and seems to have been used in the 3 studies published after 2005 [43] [44] [45] : it had 2 plastic rings and also had retraction properties; therefore, it was marketed under the name "wound retractor." These 2 designs have yet to be compared against each other.
The inclusion/exclusion criteria were often not specified (Table  1) : only 2 studies 44,45 clearly described inclusion and exclusion criteria for the recruited patients, 3 other studies 36, 38, 43 specified exclusion criteria only, and the 7 remaining studies did not give any such information. This makes it impossible to accurately assess the risk of SSI in recruited patients in most of the included studies.
Definitions of SSI varied greatly and were developed by the authors themselves with 2 exceptions. 43, 45 This is in line with the finding of Bruce et al, 28 whose systematic review of prospective studies on postoperative wound infection published between 1993 and 1997 revealed 41 distinct definitions of surgical wound infection. One of the studies included in this review did not specify a clear definition. 39 In addition to the diversity of SSI definitions, the number of SSI assessments and the follow-up period were either unclear or inconsistent ( Table 2) . When indicated, the length of follow-up was generally 30 days postoperatively. The comparator was not consistent throughout the included studies: the control group variously received no protection, standard retraction, or towels applied to the skin.
A large number of risk factors for SSI are known. Patientrelated risk factors include age, obesity, smoking status, diabetes, and underlying illnesses. 14 Perioperative risk factors include appropriate preoperative antibiotic prophylaxis, mechanical bowel preparation with oral antimicrobials or not, duration of the procedure, and intraoperative blood transfusion. 13 The National Nosocomial Infections Surveillance SSI risk index is an internationally recognized predictor for SSI, which has been developed to incorporate simultaneously 3 important risk factors: the American Society of Anesthesiologists (ASA) score, the wound class, and the duration of surgery. 50 Table 5 summarizes the extent to which such risk factors were assessed in the included studies. Three methods of accounting for variability in the risk of SSI were considered: perioperative measures and inclusion/exclusion criteria, stratified randomization and trial arm comparability, and stratified analysis of SSI incidence. Few studies adequately addressed risk factors when reporting the results. The most commonly mentioned topics under perioperative measures were skin preparation and antibiotic prophylaxis. No study reported patient randomization stratified by risk. Four studies did not report any measure of comparability between trial arms, [34] [35] [36] 38 whereas more recent studies reported that the trial arms were comparable with respect to an increasing number of risk factors. One study adjusted the results of SSI incidence for average length of inpatient stay, 45 2 studies adjusted for the site of surgery, 35, 43 and 4 studies adjusted for the degree of wound contamination. 36, [40] [41] [42] The remaining 5 studies did not stratify for any risk factor in their analyses. Although reporting of risk factors seems to have improved with time, the lack of information on older studies makes it difficult to assess the validity of the results. This limitation was not due exclusively to the lack of available evidence at the time of publishing: for instance, Lee et al 44 reported to have recorded operative time for each patient but did not report whether patients in the 2 trial arms were comparable with respect to this parameter. Body weight was first acknowledged as a risk factor in the included studies in 1987 39 but was neglected in the studies from the 1990s, [40] [41] [42] only to be considered again (as body mass index) in the 3 most recent articles. As with the inclusion/exclusion criteria (discussed previously), not controlling appropriately for risk factors makes it difficult to assess the real effect of WEPDs. Inadequate reporting together with the lack of stratification and adjustment for SSI risk factors are major limitations of the included studies.
The quality of the studies was generally poor. The methodological drawbacks primarily concerned inadequate sequence generation and blinding. In addition, failure to adequately specify SSI definitions, the wound assessment frequency, and length of follow-up seriously hindered the reliable interpretation of individual study results. Moreover, the studies' sample sizes were generally low.
Given these limitations, the quantitative analysis presented in this review can only have exploratory value. Under a random effects model, the pooled risk ratio was 0.60 (95% CI, 0.41-0.86), indicating that WEPDs may reduce the average risk of developing an SSI in open abdominal surgery by approximately 40% compared to standard care. The results did not differ greatly when a fixed effects model was used (pooled risk ratio, 0.56; 95% CI, 0.45-0.70), which suggests moderate between-study heterogeneity. The value of the I 2 statistic (54%) supports this finding. The biological mechanism responsible for the device's effect seems to be based on the physical separation between incision margins and contamination sources at the surgical site. Horiuchi et al 23 have recently found that the use of a WEPD protects incision margins from bacterial invasion.
All the included studies were single center with 2 exceptions, where patients were recruited from 2 38 and 4 centers, 45 respectively. This limits the external validity of the individual results. Despite fairly consistent risk ratios, the variation in patient characteristics, surgical technique, and hospital may have considerably altered the effect estimates.
Publication bias was investigated by means of a funnel plot. Two studies 39, 44 contributed to the slight asymmetry of the plot. Apart from their small sample sizes, these particular articles are at high risk of bias due to the methodological issues previously discussed; thus, it is difficult to ascertain that the funnel plot is actually indicating publication bias.
The subgroup analysis by degree of contamination (Table 4 and Fig. 5 ) revealed that WEPDs may be efficient in reducing SSI rates after surgery of various contamination degrees, although in our exploratory analysis statistical significance was reached only for contaminated and dirty surgery, respectively. This finding should be interpreted as merely an indication based on the existing evidence available to date. Considerable caution is needed when observing the results of this exploratory quantitative analysis: the poor quality of the studies, their small sample sizes, the relative closeness of the risk ratio point estimates across the contamination groups, and the inconsistent definitions of the contamination categories give reasons for concern. It is likely that only a larger, good quality RCT can provide a reliable answer as to whether the benefits of WEPDs vary according to the degree of contamination.
It seems from the forest plot ( Fig. 4 ) that the clinical effectiveness of WEPDs has improved with time: the recent trials report a greater benefit from the intervention compared with earlier trials. Table 6 presents the SSI rates in both the intervention and control arms of the included studies. Although no trend is readily noticeable in the control groups, it seems that SSI rates have gradually declined over time in the intervention arms. This observation should be interpreted cautiously with respect to the protective effect of the device itself because the differences between the earlier and the more recent studies are noteworthy. First, the older studies are more susceptible to methodological limitations compared with more recent studies, as the guidelines for conducting clinical trials have evolved substantially since the publication year of the oldest included study. The quality assessment (Table 3 ) confirms this hypothesis. Second, the 2 largest trials in the review belong to the "recent trials" group. Third, an issue worth discussing is the balancing of group characteristics between treatment arms. The risk factors of SSI are now widely known, with evidence around them starting to gather during the 1980s. 13 The recent trials reported group comparability with respect to risk factors, whereas the older studies did not report such an assessment. This may well have biased their results in an unknown direction, especially given their generally small sample sizes.
Limitations
The strength of this review lies in that it provides a comprehensive assessment of the relevant evidence regarding the use of WEPDs in open abdominal surgery. To our knowledge, this is the first systematic review looking at the reduction in SSI incidence associated with this type of device. The review identified several studies that were seldom or never cited in the widely known articles relating to this therapeutic field. 37, 39, 41 Our findings have some limitations. It is possible that we have failed to identify some unpublished studies or trials that are published in journals not included in the bibliographic databases. Only clinically based SSI definitions were accepted to increase relevance for this clinical context. The review is limited to open abdominal surgery. Studies have been published on the use of WEPDs of a similar design in laparoscopic interventions. 51, 52 However, SSI rates are much lower in laparoscopic surgery than in open surgery [53] [54] [55] and it would be inappropriate to combine data for open and laparoscopic surgery. Finally, poor reporting of inclusion/exclusion criteria and inappropriate accounting for SSI risk factors in the included studies may limit the validity of our results.
CONCLUSIONS
The body of evidence surrounding the use of WEPDs in reducing SSI in patients undergoing open abdominal surgery is fairly rich and this review identified 12 relevant articles. Wound guards may significantly reduce the incidence of SSI postoperatively in patients undergoing open abdominal surgery when compared with standard care; however, the quality of the available evidence is generally very poor. This is mainly due to methodological flaws and reporting failures. All the included studies were single center with 2 exceptions and their sample sizes were generally low. This may explain why WEPDs have not yet been widely adopted in current practice. There is a need for high-quality, multicenter RCTs paired with solid economic evaluations to validate the appropriateness of introducing WEPDs as standard practice in open abdominal surgery.
